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(57)Abstract: 

PROBLEM TO BE SOLVED: To detect efficiently and 
accurately defects in the carbon fiber reinforced carbon 
(C/C) composite material, by radiating heat ray on the 
surface of C/C complex, by entering thermal radiation 
energy from the surface as image using an infrared 
thermo-graphic device, and by measuring time- 
dependent variation in the surface temperature 
distribution. 

SOLUTION: C/C composite material 2 to be inspected is 
placed on a sample table 1 , and power supply 4 for lamp 
causes two flash lamps 3 to radiate high power heat ray 
on the surface of C/C composite material 2. Radiation 
energy generating from the C/C complex, being 
synchronized with the heat ray radiation, is entered into 

an infrared thermo-graphic device and entered at higher rate into a central processing unit 
(CPU) 6 as thermal image data. CPU 6 regenerates the input image, shows time-sequence 
information on surface temperature distribution of the C/C composite material 2, determines 
its time dependence, and detects defects such as crack, separation, or hole in the complex 2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the nondestructive inspection of the carbon fiber consolidation graphite composite which an 
exposure be synchronize with the heat radiation of a stop and a flash lamp , and carry out the image 
input of the thermal radiation energy from the carbon fiber consolidation graphite composite front face 
at the time of thermal unsteady with infrared thermograph equipment after irradiate the heat ray of a 
flash lamp on the front face of a carbon fiber consolidation graphite composite and heat in an instant , 
and be characterize by to detect a defective part by reproduce an input image and measure time amount 
change of skin temperature distribution . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nondestructive inspection of the C/C composite 
which can detect efficiently defective parts, such as a crack in the interior of a carbon fiber consolidation 
graphite composite (henceforth "C/C composite"), exfoliation, and a hole, with high degree of accuracy. 
[0002] 

[Description of the Prior Art] Composite molding of the carbon fiber is carried out with matrix resin, 
and since it has the thermal resistance and chemical stability which were excellent also in the pyrosphere 
which has high specific strength and a high specific Young's modulus, and exceeds 1000 degrees C, 
useful [ of the C/C composite which hardened and carbonized / baking ] is carried out as a structural 
material which begins the object for aerospace and is used by the elevated-temperature severe condition. 

[0003] The fiber object which carried out orientation of the textile fabrics, such as plain weave 
manufactured from various raw materials, such as a polyacrylonitrile system, a rayon system, and a pitch 
system, satin, and twill, in the single dimension or the direction of many dimensions, the felt, a tow, etc. 
are used for the carbon fiber used as the reinforcement of C / C composite, and thermoplastics like the 
liquefied thermosetting resin of high carbonization nature, such as a phenol system and a furan system, 
and a tar pitch as matrix resin is used for it. The carbon fiber was fully soaked in matrix resin with 
means, such as impregnation and spreading, carries out after semi-hardening, creates prepreg, a 
laminating and after pressurizing and carrying out composite molding, it heats this prepreg in 
temperature of 100-250 degrees C, and it hardens a resinous principle thoroughly. C/C composite is 
manufactured by heating the acquired carbon fiber-resin compound hardening Plastic solid in 
temperature of 1000 degrees C or more in non-oxidizing atmospheres, such as nitrogen and an argon, 
and carrying out baking carbonization. 

[0004] Thus, in each heat treatment process at the time of manufacture, gas components, such as a low- 
boiling point component in matrix resin and condensation water, remain, a hole is formed, the carbide of 
matrix resin exfoliates from a carbon fiber, or the C/C composite manufactured has the difficulty which 
defective parts, such as a crack, generate in the gap of the carbon fiber by which the laminating was 
carried out. 

[0005] Generally, there are a coin tapping method by change of a tap tone and a supersonic method by 
change of the reflected sound of a supersonic wave as a nondestructive inspection which detects the 
construction material defective part of carbon material. However, a coin tapping method is based on an 
acoustic sense, since the element influenced by an experience and intuition is large, it is difficult to 
obtain objective inspection data, and there is a fault in which the time amount which inspection takes, 
and an effort increase. Furthermore, it is in the manufacture process of C/C composite, for example, in 
an initial burned product, by porosity, since reinforcement is low, according to the coin tapping method, 
a tap tone is absorbed, and it is hard to sense change of a sound, and there is also a possibility of 
destroying. On the other hand, since the area made into a subject of examination is small, measurement 
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efficiency becomes low, and in the initial burned product of C/C composite, since, and attenuation of a 
supersonic wave is very large, a supersonic method has a difficulty undetectable to accuracy. 
Furthermore, there is also a problem whose detection becomes impossible about the defect near the front 
face of C/C composite. Therefore, it is difficult to apply to the nondestructive inspection which detects 
the defective part of C/C composite by these inspection approaches. 

[0006] Recently, the technique which measures the skin temperature of various matter and skin 
temperature distribution using infrared thermograph equipment is developed, and it is used widely. 
There is a method of detecting the difference in the description in the interior of the matter using change 
of the skin temperature distribution which appears based on a difference of the thermal property inside 
the matter in one of the applied technology of the, and it is utilized as a means to detect the abnormality 
section in construction material inside [ various ] an ingredient in un-destroying. 
[0007] However, the thermometry by infrared thermograph equipment has the fault which produces a 
measurement error with the emissivity of a measured material-list side, the coating of high emissivity is 
applied to a measured material-list side, or processing of split-face-izing a measured material-list side is 
needed. In order to cancel such a fault, so, to JP,7-35620,A In the nondestructive inspection approach of 
measuring skin temperature distribution of a device under test using infrared thermograph equipment, 
and detecting the defect inside a device under test from this skin temperature distribution The high 
emissivity layer which consists of an ingredient with 0.2 or more emissivity between an infrared sensor 
and a device under test, The transparency layer which is a layer which consists of an infrared 
transparency ingredient is allotted so that said high emissivity layer may be located in a device-under- 
test side and said transparency layer may be located in an infrared sensor side. The band cut-off filter 
from which the wavelength band containing the specific absorption wavelength of the infrared radiation 
of said infrared transparency layer which is furthermore in the detection wavelength band of infrared 
thermograph equipment is removed is arranged between the infrared sensors of a transparency layer and 
infrared thermograph equipment. It lets these layers pass, skin temperature distribution of a device under 
test is measured, and the nondestructive inspection approach characterized by detecting a defect is 
proposed. 

[0008] Moreover, these people did the pressure welding of the reticulum of high emissivity to the 
measured ingredient side, after they irradiated the heat ray with the flash lamp and heated from the upper 
part in an instant, developed the nondestructive inspection of the construction-material defective part 
characterized by to detect the construction material defective part of a measured ingredient for an 
exposure a stop and by subsequently measuring skin temperature distribution of a measured ingredient 
using infrared thermograph equipment, and proposed as Japanese Patent Application No. No. 296061 
[ seven to ]. 
[0009] 

[Problem(s) to be Solved by the Invention] this invention persons found out how the defective part 
which exists in the interior of C/C composite is promptly [ exactly and ] detectable, as a result of 
advancing research further for the C/C composite which has emissivity high in construction material 
based on the technique of above-mentioned Japanese Patent Application No. No. 296061 [ seven to ]. 
[0010] This invention is what was completed based on this knowledge, and that object is in offering the 
nondestructive inspections of the C/C composite which can detect defective parts, such as a crack inside 
C/C composite, exfoliation, and a hole, with an efficiently and sufficient precision also including 
intermediate products in the manufacture process of C/C composite, such as a carbon fiber-resin 
compound hardening Plastic solid and a medium burned product, including C/C composite. 
[0011] 

[Means for Solving the Problem] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to the nondestructive inspection of the C/C composite 
which can detect efficiently defective parts, such as a crack in the interior of a carbon fiber consolidation 
graphite composite (henceforth "C/C composite"), exfoliation, and a hole, with high degree of accuracy. 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] Composite molding of the carbon fiber is carried out with matrix resin, 
and since it has the thermal resistance and chemical stability which were excellent also in the pyrosphere 
which has high specific strength and a high specific Young's modulus, and exceeds 1000 degrees C, 
useful [ of the C/C composite which hardened and carbonized / baking ] is carried out as a structural 
material which begins the object for aerospace and is used by the elevated-temperature severe condition. 

[0003] The fiber object which carried out orientation of the textile fabrics, such as plain weave 
manufactured from various raw materials, such as a polyacrylonitrile system, a rayon system, and a pitch 
system, satin, and twill, in the single dimension or the direction of many dimensions, the felt, a tow, etc. 
are used for the carbon fiber used as the reinforcement of C / C composite, and thermoplastics like the 
liquefied thermosetting resin of high carbonization nature, such as a phenol system and a furan system, 
and a tar pitch as matrix resin is used for it. The carbon fiber was fully soaked in matrix resin with 
means, such as impregnation and spreading, carries out after semi-hardening, creates prepreg, a 
laminating and after pressurizing and carrying out composite molding, it heats this prepreg in 
temperature of 100-250 degrees C, and it hardens a resinous principle thoroughly. C/C composite is 
manufactured by heating the acquired carbon fiber-resin compound hardening Plastic solid in 
temperature of 1000 degrees C or more in non-oxidizing atmospheres, such as nitrogen and an argon, 
and carrying out baking carbonization. 

[0004] Thus, in each heat treatment process at the time of manufacture, gas components, such as a low- 
boiling point component in matrix resin and condensation water, remain, a hole is formed, the carbide of 
matrix resin exfoliates from a carbon fiber, or the C/C composite manufactured has the difficulty which 
defective parts, such as a crack, generate in the gap of the carbon fiber by which the laminating was 
carried out. 

[0005] Generally, there are a coin tapping method by change of a tap tone and a supersonic method by 
change of the reflected sound of a supersonic wave as a nondestructive inspection which detects the 
construction material defective part of carbon material. However, a coin tapping method is based on an 
acoustic sense, since the element influenced by an experience and intuition is large, it is difficult to 
obtain objective inspection data, and there is a fault in which the time amount which inspection takes, 
and an effort increase. Furthermore, it is in the manufacture process of C/C composite, for example, in 
an initial burned product, by porosity, since reinforcement is low, according to the coin tapping method, 
a tap tone is absorbed, and it is hard to sense change of a sound, and there is also a possibility of 
destroying. On the other hand, since the area made into a subject of examination is small, measurement 
efficiency becomes low, and in the initial burned product of C/C composite, since, and attenuation of a 
supersonic wave is very large, a supersonic method has a difficulty undetectable to accuracy. 
Furthermore, there is also a problem whose detection becomes impossible about the defect near the front 
face of C/C composite. Therefore, it is difficult to apply to the nondestructive inspection which detects 
the defective part of C/C composite by these inspection approaches. 

[0006] Recently, the technique which measures the skin temperature of various matter and skin 
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temperature distribution using infrared thermograph equipment is developed, and it is used widely. 
There is a method of detecting the difference in the description in the interior of the matter using change 
of the skin temperature distribution which appears based on a difference of the thermal property inside 
the matter in one of the applied technology of the, and it is utilized as a means to detect the abnormality 
section in construction material inside [ various ] an ingredient in un-destroying. 
[0007] However, the thermometry by infrared thermograph equipment has the fault which produces a 
measurement error with the emissivity of a measured material-list side, the coating of high emissivity is 
applied to a measured material-list side, or processing of split-face-izing a measured material- list side is 
needed. Then, in order to cancel such a fault, it is in JP,7-35620,A, In the nondestructive inspection 
approach of measuring skin temperature distribution of a device under test using infrared thermograph 
equipment, and detecting the defect inside a device under test from this skin temperature distribution 
The high emissivity layer which consists of an ingredient with 0.2 or more emissivity between an 
infrared sensor and a device under test, The transparency layer which is a layer which consists of an 
infrared transparency ingredient is allotted so that said high emissivity layer may be located in a device- 
under-test side and said transparency layer may be located in an infrared sensor side. The band cut-off 
filter from which the wavelength band containing the specific absorption wavelength of the infrared 
radiation of said infrared transparency layer which is furthermore in the detection wavelength band of 
infrared thermograph equipment is removed is arranged between the infrared sensors of a transparency 
layer and infrared thermograph equipment. It lets these layers pass, skin temperature distribution of a 
device under test is measured, and the nondestructive inspection approach characterized by detecting a 
defect is proposed. 

[0008] Moreover, these people did the pressure welding of the reticulum of high emissivity to the 
measured ingredient side, after they irradiated the heat ray with the flash lamp and heated from the upper 
part in an instant, developed the nondestructive inspection of the construction-material defective part 
characterized by to detect the construction material defective part of a measured ingredient for an 
exposure a stop and by subsequently measuring skin temperature distribution of a measured ingredient 
using infrared thermograph equipment, and proposed as Japanese Patent Application No. No. 296061 
[ seven to ]. 

[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The heat ray which was irradiated by the C/C composite front face according to 
the nondestructive inspection of the C/C composite of this invention the above passage It is possible to 
detect efficiently defective parts, such as a crack in the interior of C/C composite, exfoliation, and a 
hole, with high degree of accuracy by carry out the image input of the thermal radiation energy from 
C/C composite with infrared thermograph equipment at the time of thermal unsteady [ in the radiation 
process of the heat energy from the C/C composite front face heated in an instant ], reproduce an input 
image, and measure time amount change of skin temperature distribution. Furthermore, a defective part 
can be detected by un-destroying also about the case where an oxidation-resistant coat and an oxidation- 
resistant carbonaceous coat are formed in the intermediate product and C/C composite front face in the 
manufacture process of C/C composite, and it is very useful as detection method of production control. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention persons found out how the defective part 
which exists in the interior of C/C composite is promptly [ exactly and ] detectable, as a result of 
advancing research further for the C/C composite which has emissivity high in construction material 
based on the technique of above-mentioned Japanese Patent Application No. No. 296061 [ seven to ]. 
[0010] This invention is what was completed based on this knowledge, and that object is in offering the 
nondestructive inspections of the C/C composite which can detect defective parts, such as a crack inside 
C/C composite, exfoliation, and a hole, with an efficiently and sufficient precision also including 
intermediate products in the manufacture process of C/C composite, such as a carbon fiber-resin 
compound hardening Plastic solid and a medium burned product, including C/C composite. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] The nondestructive inspection of the carbon fiber consolidation 
graphite composite by this invention for attaining the above-mentioned object After irradiating the heat 
ray of a flash lamp on the front face of C/C composite and heating in an instant, an exposure A stop, 
Make it synchronize with the heat radiation of a flash lamp, and the image input of the thermal radiation 
energy from the C/C composite front face at the time of thermal unsteady is carried out with infrared 
thermograph equipment. It is characterized by detecting a defective part on a configuration by 
reproducing an input image and measuring time amount change of skin temperature distribution. 
[0012] 

[Embodiment of the Invention] It is possible to apply to the compound hardening Plastic solid of the 
carbon fiber and matrix resin which are not only in C/C composite but in a manufacture process at the 
target C/C composite, or the baking carbonization article of a midcourse phase with the nondestructive 
inspection of this invention. 

[0013] After giving a thermal load to C/C composite, if the skin temperature distribution is measured, it 
will originate in defective parts, such as a crack which exists in the interior of C/C composite, 
exfoliation, and a hole, and change will arise in the temperature distribution of C / C composite front 
face. For example, if an exposure is stopped after irradiating a pulse-like heat ray momentarily with a 
flash lamp on the front face of C/C composite and heating a front face uniformly in an instant In the time 
of thermal unsteady until the heat which entered from the front face will transmit the interior of C/C 
composite, will arrive at a rear face and will be in equilibrium thermally soon A heat transfer rate 
changes with the defective parts which exist in the interior, and since the skin temperature of the field 
corresponding to a defective part and a normal field differs, a difference is produced to thermal radiation 
energy. 

[0014] By using change of this skin temperature distribution at the time of thermal unsteady as a thermal 
image, it is made to synchronize with the heat radiation of a flash lamp, and an image input is carried out 
with infrared thermograph equipment at a processing unit (CPU) at high speed. If the inputted thermal 
image is reproduced with a processing unit (CPU), it outputs to an image display device and time 
amount change of temperature distribution is observed, corresponding to a location, magnitude, a 
configuration of a defective part, etc., it can continue broadly and a defective part can be detected 
visually. For example, since the opening formed in the defective part in the cooling process will delay 
heat transfer from a front face to the interior if defective parts, such as a crack, exfoliation, and a hole, 
are near [ front face ] this when heat energy is irradiated to a C/C composite front face in an instant, on a 
C/C composite front face, a high temperature field is relatively formed corresponding to a defective part. 
Therefore, when the temperature change and temperature distribution in a cooling process of a C/C 
composite front face are measured to time series using an infrared CCD detector, the time zone which 
becomes possible [ catching a high temperature energy radiation zone relatively corresponding to a 
defective part ] will exist. Thus, if the electrical signal of an infrared CCD detector is processed using an 
image processing system, a defective part can be detected as an image and inspection of a 200x200mm 
measurement field will be attained from the heat radiation of a flash lamp to detection of a defective part 
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by the time amount for dozens of seconds - about 1 minute. 

[0015] Moreover, since emissivity is high, each intermediate product including C/C composite, such as a 
compound hardening Plastic solid of the carbon fiber and matrix resin in the manufacture process of C/C 
composite or a baking carbonization article of a midcourse phase, can measure skin temperature 
distribution with a sufficient precision. Therefore, it becomes possible about defective parts, such as a 
crack in the interior of C/C composite, exfoliation, and a hole, high degree of accuracy and to detect 
efficiently. 

[Translation done.] 
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EXAMPLE 



[Example] Hereafter, the example of this invention is concretely explained as contrasted with the 
example of a comparison. 

[0017] Examples 1-5, the example 1 of a comparison - 3 drawing 1 are the whole block diagrams which 
illustrated the equipment used for the nondestructive inspection of this invention. In the equipment of 
drawing 1 , on the sample base 1, the C/C composite 2 which is a charge of inspected material is laid, 
two flash lamps 3 of high power are arranged in the slanting upper part of the sample base 1, and a heat 
ray is irradiated by the front face of C / C composite 2 by high power according to the power source 4 
for lamps. It is made to synchronize with the heat radiation of a flash lamp 3, the radiant energy from the 
C/C composite 2 is inputted into the infrared thermograph equipment 5 arranged right above the sample 
base I, and it inputs into a processing unit 6 (CPU) as heat image data at high speed. The inputted 
thermal image is reproduced with a processing unit 6 (CPU), a thermal image is displayed on an image 
display device 7, and image display of the time series information about skin temperature distribution of 
the C/C composite 2 is carried out. 

[0018] The typical experiment was conducted by the following approach using above equipment. 
Production of C / C composite (inspection sample): It applied so that the volume fraction of a carbon 
fiber might become 60% at [ by plain weave carbon fiber textile-fabrics [Toho Rayon Co., Ltd. ] 
W6 101] of a polyacrylonitrile system by using the initial condensate [ PR940 made from Sumitomo 
DEYUREZU] of phenol resin as matrix resin, and it was air-dry for 48 hours, and the prepreg sheet was 
created. The laminating of these 16 prepreg sheets was carried out, and it put into the mould, and putting 
the pressure of 20 kg/cm2, at the temperature of 130 degrees C, subsequently, with the temperature of 
250 degrees C, heating pressure treatment was carried out for 3 hours, and it hardened for 10 hours. This 
carbon fiber-resin compound hardening Plastic solid was put into the firing furnace held on a nitrogen- 
gas-atmosphere mind, with the programming rate of 20 degrees C/hr, it heated at 1000 degrees C and 
baking carbonization was carried out. Furthermore, it sank in, the initial condensate of furfuryl alcohol 
was again moved to the firing furnace, it heated to 2000 degrees C with the programming rate of 50 
degrees C/hr, and 250mm of every direction, and C / C composite with a thickness of 4mm were 
produced. Thus, about the carbon fiber-resin compound hardening Plastic solid (sample A) in the 
production process of the produced C/C composite, 1000-degree-C burned product (sample B), and 
2000-degree-C burned product (sample C), the opening section was beforehand formed in the position 
as a false defect, and it considered as the object sample of nondestructive inspection. 
[0019] This sample A-C was carried on the sample base 1 of dra wing 1 , the heat ray was irradiated with 
the flash lamp 3 for a moment, and it heated in temperature of 60-70 degrees C in an instant. Then, the 
image input of the radiant energy from sample A-C was carried out with infrared thermograph 
equipment 5 at the processing unit 6 (CPU), it reproduced, image display of the skin temperature 
distribution was carried out to the image display device 7, and the time amount change was measured. 
[0020] Thus, the detection result of the obtained false defective part was judged in accordance with the 
following criterion, and it was shown in a table 1 with the time amount which inspection took the result. 
Moreover, the false defective part was detected with the supersonic method about sample A-C same for 
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a comparison, and the result was also carried jointly in a table 1. 
O Detection good x — Detection failure [0021] 
[ A table 1] 





urn 






mmm 






mmi 
mm 2 
mm 3 
mmm 
mm 5 


A 
A 
B 
B 
C 


S®"F0. 5mm 
i^iST 2mm 
SSHTF 1mm 
^M~f 2mm 
fSBTFl. 5mm 


4>10mmX0. 2mm 
<f> 10mm x 0.2mm 
0 10mm X 0.2mm 
<f>10mmX0. 2mm 
<f> 10mm x 0.2mm 


O O O O O 


30^/m 2 
30#/m* 
30^/m' 
30#/m» 
30#/m* 




A 


StffiT 2mm 


4> 10mm X0. 2mm 


O 


S^W/m 2 


Jtt*M2 


B 


fgjgT 2mm 


10mm X 0.2mm 


X 






C 


^ifl hi. 5mm 


4>10mmX0. 2mm 


O 


Sf^ffi/m 1 



[0022] Often [ it is short and ] inspecting is possible, and the time amount which can detect clearly the 
defective part which each formed in false in the example, and inspection takes from the result of a table 
1 can also be further detected also about the carbon fiber-resin compound hardening Plastic solid 
(sample A) and medium burned product (sample B) not only in C/C composite (sample C) but the 
manufacture process. On the other hand, the time amount which inspection takes in the example of a 
comparison was long, and was not able to detect a defective part clearly by Sample B. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is the whole block diagram which illustrated the equipment used for the nondestructive 
inspection which detects the defective part of the C/C composite concerning this invention. 
[Description of Notations] 

1 Sample Base 

2 C/C Composite 

3 Flash Lamp 

4 Power Source for Lamps 

5 Infrared Thermograph Equipment 

6 Processing Unit (CPU) 

7 Image Display Device 

[Translation done.] 
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[Drawing 1 ] 
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